Recent EMC data on the spin-dependent proton structure function suggest that very little of the proton spin is due to the helicity of the quarks inside it. We argue that, at leading order in the l/NC expansion, none of the proton spin would be carried by quarks in the chiral limit where mq = 0. This model-independent result is based on a physical picture of the nucleon as a soliton solution of the effective chiral Lagrangian of large-N, QCD. The Skyrme model is then used to estimate quark contribution to the proton spin when chiral symmetry and flavor SU(3) are broken: this contribution turns out to be small, as suggested by the EMC. Next, we discuss the other possible contributions to the proton helicity in the infinitemomentum frame -polarized gluons (AG), and orbital angular momentum (L,). We argue on general grounds and by explicit example that AG = 0 and that if the parameters of the chiral Lagrangian are adjusted so that gluons carry N 50% of the proton momentum, most of the orbital angular momentum L, is carried by quarks. We mention several experiments to test the EMC results and their interpretation.
The result (11) g ives us confidence that the EMC data at low x can be trusted. The first surprise is the large value of As. But perhaps we shouldn't have been so > surprised. The large value of the a-term in TN scattering has for some years been known to indicate"" rather large strange sea in the proton, (pi ss lp) .
A more striking conclusion is that the total contribution of quark helicities to proton helicity is zero. Loosely speaking, the contribution of valence quarks is cancelled out by the sea quarks. As noted, a crucial ingredient is the relatively large and negative As. An independent corroboration of the above estimate of As We have just obtained the matrix element of 5: at Q2 = 0. Unlike the flavor non-singlet currents however, Jz has a "hard" divergence, due to the triangle anomaly1231. Because of that, it also has non-zero anomalous dimension[241 and its matrix elements have some Q2 dependence. We should therefore proceed with caution'251 when attempting to relate the Q2 = 0 result to DIS data. Fortunately, the renormalization in this case is multiplicative, so if (pi Ji )p) = 0 at some Q2, it will remain so at all Q2 so that (18) w IC is derived in low Q2 effective Lagrangian h' h remains valid in the kinematic region explored by the EMC["'
We thus see that in the double limit NC + 00 and rnq = 0 the result (13) 
The classical solution of (21) is g iven in terms of Uo and the glue "profile" x(r).
U and x indicate the relative contribution of quarks and gluons, respectively, to the energy-momentum tensor occV, and through it to the various observables. For example, soliton mass MO is given by
With this in mind, we first compute 0++ = 000 + 033 and require that half of proton's linear momentum in the infinite momentum frame be carried by gluons. The relative contribution of quarks and gluons to the spin is determined by their relative contributions to I. In the chiral limit these turn out to be 36% and 64%, respectively!121 The glue contributes less, because its energy density is concentrated in a small region of space N 1 fm, as suggested by the bag model, while the chiral field extends farther away.
The physical picture of the proton spin as suggested by this work has several rather interesting experimental consequences.
Clearly it is of great importance to confirm the Z=:MC result (10) and to measure also Ji dxgy (x) using polarized neutrons, so as to check the Bjorken sum rule!
The theoretical interest in new experiments to measure these quantities is enhanced by the fundamental information about chiral symmetry and its breaking that they provide. We also remind the reader of the relevance of (pi A: lp) to dark matter searches17'81 1301 and to axion couplings.
Assuming that the EMC measurement (10) is essentially correct, the next priority is to determine the origin of the bulk of the proton spin, which must be carried by gluons and/or orbital angular momentum: 
